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Abstract 
This paper presents the results of experimental investigations of the formulated and characterization of crushed dune sand mortar 
reinforced by date palm fiber. Date palm fiber are from Ouargla town in south of Algeria. Different mortar mixtures were 
prepared in which the cement was substitute by some percentage (10,15 and 20% ) of crushed dune sand. The mechanical 
characteristics (compressive and flexural strength) of date palm fibers mortar by treatment of the matrix by the adding of crushed 
dune sand (CDS) was examined. The results obtained have shown that the mortar workability as well as the compressive and 
flexural strength decreases whit increasing the crushed dune sand replacement. The results showed that the use of CSD enabled 
to evaluate the flexural strength.  However, another treatment of fibers and matrix will be recommended for Improved the 
characteristics. 
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1. Introduction 
 The Sand is a major component in mortar and concrete mixes. Sand from natural gravel deposits or crushed 
rocks is a suitable material used as fine aggregate in concrete production. It is used with coarse aggregates to 
produce a structural concrete and can be also used with cement for mortars and plastering works. It is also 
economical since it is abundant near most construction works. In many desert regions, there is an abundance of a 
very fine natural sand known as dune sand[1]. In Ouargla region south of Algeria is covered with dune sand.        
 The valorization of dune sand and date palm fiber in civil engineering is an important sector to the extent 
that the products to be obtained are not subjected to rigorous quality standards too. The valorization of dune sand 
and palm date fibers affects two major impacts, environmental impact is solved by disposing of such waste of palm 
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and the economic impact is the use of that in industry or in field of construction and have the advantage of being 
available large quantity and low value.  
The addition of crushed dune sand to the mortar is a new perspective in research activities, integrating the new 
technology. 
Considerable research efforts have been spent on vegetable fibers reinforced cement composites. The date palm is 
the one of the most cultivated palms around the world. Date palms have a fibrous structure [2, 3].       
The present study focused on the use of crushed dune sand in mortar reinforced by date palm fibers whit (10, 15; 
20%) of crushed dune sand by substitution of a variable percentage of cement. Therefore, compressive and flexural 
strength of mortars will be given. 
2. Experimental study 
2.1 Materials 
The natural fibers used in this research are from the surface of the turn of male date palm. The date palm surfaces 
fibers are naturally weaved, and are pulled out from trunk in the form of nearly rectangular mesh formed with 
superposing layers. It is easy to separate them out of individual fibers in water. Physical and mechanical properties 
of fibers are listed in table 1. [3]. 
Table 1. Physical and mechanical properties of date palm fibers [3]
Property Lower-upper 
Diameter( mm) 0.1-1 
Tensile strength (MPa) 
L=100 mm L=60 mm L=20 mm 
170±40 240±30 290±20 
Apparent specific weight (Kg/m3) 512.21-1088.81 
Absolute specific weight 1300-1450 
Elongation at break (%) 0.232 (d=0.8 mm) 
Water absorption after (24 h) under water (%) 9683-202.64 
Humidity (%) 9.5-10.5 
Composite Portland cement (CPJ-CEMII/A 32.5) from Algeria was used. Chemical and physical properties of 
cement are listed in Table 2 [4]. 
Table 2. Chemical and Physical properties of cement [4] 
Chemical properties Physical properties 
SiO2 AL2O3 Fe2O3 MgO CaO Na2O SO3 K2O 
Loss on 
ignition 
Fineness 
(m2/kg) 
Setting 
time(min) 
c 
(MPa)
21.9 5.73 3.13 1.85 60.18 0.19 2.22 0.83 4.07 370 175 30 
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Two type of Ouargla sand was used: The construction sand and dune sand.  
The sieve analysis is realized according (EN933-1-2) [5]. The result of analyses is represented in Fig.1.  
                      
The flowing tests were performed on two kind of sand: specific gravity; sand equivalent; porosity and fineness 
modulus. Table 3 presents physical properties of used sand   
Table 3 Physical properties of construction and dune sand 
Absolute 
specific gravity 
Apparent 
specific gravity Sand equivalent 
Fineness 
modulus 
porosity 
Construction 
sand 2.72 1.59 72.55 2.26 
0.41 
Dune sand 2.62 1.46 82.20 0.96 0.16 
The dune sand used is rich in silica around 99 percent, after crushed  the dune sand has a Specific surface Blaine 
SSB 3202 cm2/g. 
Tape water of laboratory was used; the chemical analyses are realized in water treatment Laboratory University of 
Ouargla, the chemical composition of water is listed in table 4. 
 Table 4.Chemical composition of water (mg/l) 
Ca++ Mg++ K+ Na+ Cl- NO3- SO4- HCO3- pH Salt 
242 125 31 536 755 14.5 755 124 7.75 2799 
This water can be used for normal concrete [6].
3. Formulation of mortar 
Normal mortars, according to standard norm (NFP15-471) the sand/cement ration equal to 3. The percentage weight 
of fibers is   0.6 %. In fact in subsequent studies we showed that percentage was the optimal [3]. The rate of mixing 
water is variable because the use of date palm fibers and crushed dune sand influence in workability of mortars, and 
that better see their influence on the mechanical properties. The mix proportion of mortars studied and their 
notations are presented in table 5. 
Fig. 1. Granular size analysis of construction and dune sand 
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Table 5 Mix proportion of the mortars (Kg/m3). 
 Notation Description cement water Construction sand 
Crushed dune 
sand fibers 
Without 
fibers 
MR Reference mortar 490 245 1470 0 0 
MCDS10 Mortar with 10% CDS 441 264.6 1470 49 0 
MCDS15 Mortar with 15% CDS 416.5 269.5 1470 73.5 0 
MCDS20 Mortar with 20% CDS 392 274.4 1470 98 0 
With 
fibers 
MR-0.6 With 0.6 % fibers 490 294 1470 0 13.23 
MCDS10-0.6 With 0.6 % fibers 441 318.5 1470 49 13.23 
MCDS15-0.6 With 0.6 % fibers 416.5 323.4 1470 73.5 13.23 
MCDS20-0.6 With 0.6 % fibers 392 333.2 1470 98 13.23 
Nomenclature 
CDS Crushed dune sand  
4. Strength tests. 
4.1 Flexural strength 
The flexural strength are tested at 7, 14, 21 and 28days on prismatic specimens (4x4x16) cm3 in according with 
standard EN 196-1[5, 7].The mechanical properties obtained from tests performed on three specimens testing 
machine three point test configuration, the maximum flexural strength of mortars determined from the 
maximum load after the first visible crack using Eq.1, the device of flexural strength is represented in fig 2. 
        Rf = 3
.5.1
b
LFf                                                                                                              (1)
With    Ff: maximum load in N. 
                        L: the distance between support (L = 100 mm). 
                        b:  the width of specimen (b = 40 mm).  
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Fig. 2. : Device of flexural strength
                  50       30   
160 
Ff
40
 
348   A. Mokhtari et al. /  Energy Procedia  74 ( 2015 )  344 – 350 
4.2 Compressive strength 
The compressive strength are tested at 7, 14, 21 and 28days on half-prism obtained after rupture specimens in 
according with standard EN 196-1[5,7].The mechanical properties obtained from tests performed on three
specimens the compressive strength of mortars determined from the maximum load using Eq.2, the device of 
compressive strength is represented in fig 3 
Fc is the maximum load and b is the width of specimen  
        Rc = 2b
FC                                                                                                                                                   (2)   
5. Results and discussion
5.1 Flexural strength 
The evolution of the flexural strength of mortars is represented in figs. 4 and 5. 
The continuous increase of the flexural strength for the various mortars without fibers according to the ages (7, 14, 
21 and 28 days) and the RM and MCDS10 presented the best flexural strength. 
 The use of fibers Improve the flexural strength for all mortars but the MR and MCDS10 presented the best flexural 
strength. 
A reduction in the flexural strength according to the increase in percentage of crushed sand dune in the mortar was 
noticed. 
Fig. 4. Flexural strength of mortars  
Fig. 3. Device of compressive strength 
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Fig. 5. Flexural strength of mortars reinforced by date palm fibers 
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5.1 Compressive strength 
The evolution of the compressive strength of mortars is represented in figs. 6 and 7. 
The continuous increase of the compressive strength for the various mortars without fibers according to the ages (7, 
14, 21 and 28 days) and the RM and MCDS10 presented the best compressive strength. 
 The use of fibers decrease the compressive strength for all the mortars but. The MR presented the best compressive 
strength. This result is on concordance with several authors [8-11].  
A reduction in the compressive strength according to the increase in percentage of crushed sand dune in the mortar 
was remarqued.  This result is also on concordance with some authors [12-13].  
6. Conclusion 
A reduction in the mechanical resistance according to the increase in percentage of crushed dune sand was shown; 
the MR and MCSD10 presented the best mechanical properties. 
The mortars reinforced by date palm fibers are increased the flexural strength but the use of date palm fibers 
decreased the compressive strength.  
Finally, crushed dune sand can be used successfully to replace cement in mortar and concrete with percentage lower 
than 10%and with acceptable strength development properties.  
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